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Total sleep time is important in investigations of obstructive sleep apnoea, since the diagnosis is usually based on
the average number of apnoeas per hour of sleep. Sleep estimates instead of exact EEG-recorded total sleep time is
often used in the clinical setting. However, an overestimated sleep time would underestimate the degree of the
disease and vice versa. The purpose of this study was to investigate the accuracy of subjective sleep time and time-
in-bed as sleep estimates.
One hundred patients undergoing diagnostic polysomnography for suspected obstructive sleep apnoea were
asked to estimate their sleep time in a questionnarie. Seventy-five patients were diagnosed as suering from
obstructive sleep apnoea syndrome.
The mean dierence between self-scored and EEG-recorded total sleep time was 4+74 min. However, 30%
scored with a dierence greater than 1 h. The intra-class correlation coecient was fair (0?58, CI: 0?43–0?70). Fifty-
three patients overestimated their sleep time and 47 patients underestimated it. All but four patients underestimated
their number of awakenings (P50?001). The mean dierence between time-in-bed and EEG-recorded total sleep
time was 110+63 min. This dierence was significantly larger than the dierence between subjective sleep time and
EEG-recorded total sleep time (P50?001). The intra-class correlation coecient was poor (0?38, CI: 0?20–0?54).
Mean AHI was 27+27 using subjective sleep time and did not change significantly compared with the mean AHI of
25+21 based on EEG-recorded total sleep time. Mean AHI decreased significantly to 20+17 (P50?001) when
time-in-bed was used.
In conclusion, ‘time-in-bed’ time is a poor predictor of total sleep time and should not be used when calculating
the apnoea-hypopnoea index. Subjective sleep time is better as an approximation, but the individual dierences are
large.
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Obstructive sleep apnoea syndrome is a common disease,
which aects approximately 4% of men and 2% of women
in North America (1). The golden standard for a diagnostic
sleep apnoea recording is overnight polysomnography,
including electroencephalogram (EEG), electro-oculogram
(EOG) and chin electromyogram (EMG) for sleep scores
(2). However, in an increasing number of instances,
polysomnography is not used, since this investigation is
regarded as too expensive. EEG-recordings are the only
means of obtaining an exact sleep time, but demand aReceived 8 June 1999 and accepted in revised form 21 December
1999.
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0954-6111/00/060569+05 $35?00/0high-resolution time in order to be interpretable. The
interpretation time will therefore be long with high
investigation costs as a result. Instead, simplified record-
ings, which almost never include EEG, are frequently used
in the clinical setting. Total sleep time is, however,
important, since the diagnosis is usually based on an index
value, i.e. average number of apnoeas and hypopnoeas per
hour of sleep. In these cases, sleep time is usually based on
the patient’s subjective experience of sleep; i.e. the
investigator relies on ‘sleep diaries’. Another approach is
simply to suppose that sleep time equals recording time or
time-in-bed, which is common in automatic scoring
systems. This approach introduces a risk of underestimat-
ing the average number of obstructive events per hour of
sleep, since the time-in-bed is almost always longer than the
sleep time.
The aim of the present study was to analyse the accuracy
of subjective sleep time by comparing a standardized
questionnaire and polysomnnographically-recorded sleep# 2000 HARCOURT PUBLISHERS LTD
TABLE 1. Questionnaire for subjective sleep time
I went to bed at:____
I fell asleep at:____
During the night I woke up ____times.
I was awake at: ____for: ___minutes.
I was awake at: ____for: ___minutes.
I was awake at: ____for: ___minutes.
I was awake at: _____for: ___minutes.
I was awake at: _____for: ___minutes.
I was awake at: _____for: ___minutes.
I got up at:____
When I got up, I had been awake since: ____
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obstructive sleep apnoea. A second objective was to study
the eect on apnoea-hypopnoea indices (AHI) using
subjective sleep time and time-in-bed instead of EEG-
recorded total sleep time.
Patients and methods
PATIENTS
One hundred consecutive patients, 85 men and 15 women,
referred to polysomnography due to suspected obstructive
sleep apnoea were included. They were all habitual snorers
and the majority of them reported excessive daytime
sleepiness and sleep apnoeas. Their mean age was 52+12
years (range 20–77 years). All the patients had normal
blood gases during the daytime. Approval for the study was
obtained from the Medical Ethics Committee at the
University of Umea˚. Informed consent was obtained from
each patient.
POLYSOMNOGRAPHY
Full-night polysomnographic recordings were performed in
a sleep laboratory at the hospital. They included EEG (C3-
A2, C4-A1), EOG (ROC-A2, LOC-A2), chin EMG (two
submental electrodes), nasal-oral airflow (three-port ther-
mistor, ZE-732A, Nihon Koden, Tokyo, Japan), abdom-
inal and chest respiratory movements (Resp-EZ, EPM
Systems, Midlothian, VA, U.S.A.), finger oximetry (Biox
3740, Ohmeda, Monroeville, CO, U.S.A.), body position
and ECG (V5) (3).
Sleep was scored manually according to Rechtschaen
and Kales. An awakening was scored when dominant
alpha-activity was recorded in the EEG for more than
30 sec. Time-in-bed was defined as the recording time from
lights out to lights on in the morning. Total sleep time was
the time from sleep onset to final wake up minus the
recording time of awakenings, movement time and move-
ment arousals for more than 30 sec.
An obstructive apnoea was defined as a cessation of
airflow for at least 10 sec with a simultaneous increase in
respiratory movements (3). An obstructive hypopnoea was
defined as a decrease of more than 50% in the thermistor
tracing compared with baseline, together with a simulta-
neous increase in respiratory movements in combination
with an arousal, a pulse alteration or an oxygen desatura-
tion (4). A concomitant fall in both airflow and abdominal
movements was regarded as indicating central apnoea. The
apnoea-hypopnoea index (AHI) was the number of events
per hour of sleep.
QUESTIONNAIRE
The patient was given a questionnaire by the supervising
technician the morning after the investigation and asked to
answer it immediately (Table 1). The estimated sleep time
was calculated from the questionnaire.ANALYSIS
The data was calculated as the mean and standard
deviation (+SD). The intra-class correlation coecient
and Bland-Altman plots were used to study the agreement
between EEG recorded total sleep time and estimated sleep
time (5). The rank sum test was used to compare a dierent
capability of subjective scoring among subgroups. The null
hypothesis was rejected at the 5% level (P50?05).
Results
The mean AHI was 25+21 (range 1–82) according to the
polysomnographic recordings. Seventy-five patients were
regarded as suering from obstructive sleep apnoea
syndrome with an AHI of above 10. Fifty patients had an
AHI of above 20.
TOTAL SLEEP TIME
The mean EEG-recorded total sleep time was 411+64 min
(range 241–531 min). The subjective sleep time was 415+94
min (range 40 –637 min). The mean dierence between self-
scored and EEG-recorded total sleep time was 4+74 min
(range 7219–255 min). Seventy percent of the patients
estimated their sleep with a dierence of less than 1 h
compared with EEG-recorded total sleep time and 36%
with a dierence of less than 30 min. The dierences
between subjective and EEG-recorded sleep time were
normally distributed. Fifty-three patients overestimated
their sleep time and 47 patients underestimated it. The
dierences between the subjective sleep time and EEG-
recorded total sleep time of the patients is shown in Fig. 1.
The intra-class correlation between subjective and EEG-
recorded sleep time was 0?58 (CI: 0?43–0?70). The variation
in the dierence between subjective and EEG-recorded
sleep time was large according to Bland-Altman plots and
patients who had estimated a low sleep time had actually
slept longer, and those who had estimated a long sleep time
had slept less than their subjective score (Fig. 2).
Patients aged 50 or over overestimated their sleep time at
425+93 min compared with the EEG recordings of
403+66 min (P50?05). There were no significant dier-
FIG 1. Distribution of the dierence from subjective sleep
time compared with EEG-recorded total sleep time.
FIG 2. The dierence [(subjective sleep time 7 EEG-
recorded sleep time)/2] vs. the average [(subjective sleep
time + EEG-recorded sleep time)/2].
FIG 3. Distribution of the dierence from time-in-bed
compared with EEG-recorded total sleep time.
FIG 4. The dierence [(time-in-bed7 EEG-recorded sleep
time)/2] vs. the average [(time-in-bed + EEG-recorded
sleep time)/2].
SUBJECTIVE SLEEP TIME 571ences between mean subjective sleep time and mean EEG-
recorded total sleep time for patients aged 50 and under,
women or patients with an AHI of less or more than 20 or
an AHI of less or more than 10.
NUMBER OF AWAKENINGS
The mean recorded number of awakenings a night was
22?9+16 (range 2–93). The number of self-reported
awakenings was 3?7+2?2 (range 0–11). All but four
patients underestimated their awakenings (P50?001).
TIME-IN-BED
The mean time-in-bed from lights out to lights on was
523+48 min (range 369–608 min). The mean dierence
between time-in-bed and EEG-recorded total sleep time
was 110+63 min (range 13–309 min) (Fig. 3). This
dierence was significantly larger than the dierence
between subjective sleep time and EEG-recorded total
sleep time (P50?001). The intra-class correlation coecient
between time-in-bed and EEG-recorded sleep time was 0?38
(CI: 0?20–0?54). Sleep time was always overestimated usingtime-in-bed. The variation in the dierence between time-
in-bed and EEG recorded sleep time was large according to
Bland-Altman plots (Fig. 4).
EFFECT OF SUBJECTIVE SLEEP TIME ON
AHI
The AHI changed by a mean of 7+58% (Range 740–
548%) when the number of apnoeas and hypopnoeas was
divided by subjective sleep time instead of EEG-recorded
total sleep time. The mean AHI for the whole population
was 27+27 using subjective sleep time. It did not change
significantly compared with the mean AHI of 25+21 based
on EEG-recorded total sleep time.
Three patients were false-positive and five were false-
negative at a cut-o point of AHI =10 for the diagnosis of
OSA when subjective sleep time was used (sensitivity: 93%,
specificity: 88%). At a cut-o point of AHI=20, there were
two false negative and two false-positive diagnoses (sensi-
tivity: 96%, specificity: 96%).
EFFECT OF TIME-IN-BED ON AHI
The AHI decreased in all patients by a mean of 21+12%
(range 3–52%) and the mean AHI decreased significantly
from 25+21 to 20+17 for paired observations (P50?001)
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sleep time. No patients were false positive, by definition.
Ten patients were false negative at a cut-o point of AHI =
10 for OSA (sensitivity: 87%, specificity: 100%) and 13
were false negative at a cut-o point of AHI=20
(sensitivity: 74% specificity: 100%).
Discussion
The mean dierence between subjective and EEG-recorded
total sleep time was small for the whole population but the
variation in dierences was large. Thirty percent of the
patients scored their sleep time with a dierence of more
than 1 h compared with their actual sleep time. The intra-
class correlation coecient between subjective and EEG-
recorded sleep time was fair (0?58, CI: 0?43–0?70), but the
intra-class correlation coecient between time-in-bed and
EEG-recorded sleep time was poor (0?38, CI: 0?20–0?54).
Overestimated and underestimated sleep time was evenly
distributed in the present patients, except for men aged 50
and over, who overestimated their sleep time. This is in
contrast to patients with insomnia who, as a group,
underestimate their total sleep time (6,7). However, in
agreement with the present findings among sleep apnoea
patients, Edinger and Fins found that sleep time percep-
tions ranged from gross underestimates to remarkable
overestimates even among insomniacs (8). One possible
reason for the underestimated sleep time in patients with
insomnia is an overestimation of awake intervals because of
nocturnal anxiety, while sleep apnoea patients are not
aware of their awakenings. There is amnesia when it comes
to arousals and probably also to short awakenings, which
may explain why the patients consistently underestimated
the number of awakenings in the present study.
It has been suggested that a knowledge of the exact sleep
time is not necessary for the diagnosis of obstructive sleep
apnoea and that time-in-bed is a suciently good estimate
for calculating AHI accurately (9). Using time-in-bed,
Douglas et al. suggested an apnoea-hypopnoea index of 15
for a diagnosis of sleep apnoea instead of 10 to avoid false-
negative diagnoses, but, as a result, there were a number of
false-positives instead.
We would argue against this practice, since the intra-class
correlation was low. As many as 10% of the patients in the
present study were false-negative when an AHI of 10 was
considered pathological and 13% were false-negative at
AHI=20, when using time-in-bed instead of EEG-recorded
total sleep time. According to the present study, it is better
to use a sleep diary than time-in-bed or recording time if an
EEG recording of sleep is not feasible.
McCall et al. found a correlation between subjective sleep
time and EEG-recorded total sleep time in obstructive sleep
apnoea patients close to that found in the present study
(10). However, they also found that patients with an
apnoea-hypopnoea index of more than 20 underestimated
sleep time and that patients with an apnoea-hypopnoea
index of less than 20 overestimated it. This contrasts with
our results, since we found an even distribution of under-and overestimation, regardless of the apnoea-hypopnoea
index.
We conclude that an apnoea-hypopnoea index based on
time-in-bed will consistently underestimate the severity of
sleep apnoea. If the patient’s subjective sleep time is
employed, both overestimates and underestimates will
occur in a random, non-predictable fashion. The direction
of sleep estimates did not dier in terms of gender or sleep
apnoea severity and the tendency towards overestimation
among patients aged 50 and over was slight.
Subjective total sleep time had only a slight eect on the
average apnoea-hypopnoea index for the whole sample, but
the individual dierences were large. Possibly, subjective
sleep time could be useful as a sleep estimate in
epidemiological studies of sleep apnoea frequency, but it
introduces a risk of erroneous individual scores. The
number of false-negative and false-positive diagnoses was
relatively low despite the fact that the estimated total sleep
time varied. However, this was expected, since a dierence
in sleep time will only shift an apnoea-hypopnoea index to
the other side of the cut-o point in patients with an
intermediate number of apnoeas. Total sleep time is only
interesting in those who have an intermediate number of
apnoeas since patients with a small number will, regardless
of sleep time, never be considered as sleep apnoea and those
with a huge number of apnoeas will always be diagnosed as
sleep apnoea patients. The sensitivity and specificity for a
sleep apnoea recording as used in the present study is
misleading since a false sleep time will aect also the
severity and possibly the treatment modality of a patient
suering from sleep apnoea.
A better method to estimate sleep than diaries is still
desirable. One possible approach is movement recordings
using a static charge sensitive bed or a wrist actigraph (11,
12). The static charge sensitive bed and similar devices have
the added advantage of enabling the investigator to
distinguish between normal respiration and upper airway
obstruction.
In conclusion, ‘time-in-bed’ is a poor predictor of total
sleep time and should not be used when calculating the
apnoea-hypopnoea index. Subjective sleep time is better as
an approximation, but the individual dierences are large.
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